The nonlinear magnetoelastic problems for a bar-shell in a magnetic field subjected to mechanical loadings are studied. Based on the electrodynamics equations, magnetoelastic kinetic equations, geometric equations, and physical equations of a bar-shell, normal Cauchy form nonlinear differential equations, which include ten basic functions in all, are obtained by the variable replacement method. Using the difference and quasi-linearization methods, the nonlinear magnetoelastic equations are reduced to a sequence of quasilinear differential equations, which can be solved by the discrete-orthogonalization method. Numerical solutions for stresses and deformations in a bar-shell under the interaction of an electromagnetic field and a mechanical load are obtained by considering a specific example. The magnetoelastic effect on the shell by the side electric current and the magnetic induction intensity is studied. The results show that the stress-strain state in the shells can be controlled by changing the electromagnetic parameters.
Introduction
The magnetoelastic theory studies the mechanical behaviors of electromagnetic structures in electromagnetic fields, the mechanical properties such as the deformation of structures, intensity, vibration, and stability, etc.. It comes down to the subjects such as electromagnetic physics, solid mechanics, etc.. Applications of electromagnetic structures are increasingly broad in modern technological fields, such as aerospace industry, magnetic suspension transportation, high-speed transmission, electromechanical power equipment, etc.. In recent years, the electromagnetic elastic mechanics develops very quickly. Many important achievements are obtained [1] [2] [3] [4] [5] [6] [7] [8] . These research achievements laid a good foundation for studies on the electromagnetic elastic mechanics and its applications. However, so far the studies of the nonlinear theory are not enough complete. Except for the problems about the vibration and stability of the structures such as rods, beams, plates, shells, etc. in electromagnetic fields, the analysis of the stress-strain state in the problems is rare. Therefore, the researches on the nonlinear magnetoelastic problems of conductive plates and shells have recently become one of the most important topics for mechanics operators.
In this paper, the nonlinear magnetoelastic problems for a conductive bar-shell under the interaction of an electromagnetic field and a mechanical field are studied. Using the difference and quasi-linearization methods, we have reduced nonlinear partial differential equations with ten basic unknown functions to a sequence of quasi-linear differential equations, which can be solved by the discrete-orthogonalization method. Numerical solutions for magnetoelastic stresses and deformations in a conductive bar-shell are obtained by considering a specific example. The magnetoelastic effect on the shell by the side electric current and the magnetic induction intensity is studied.
Fundamental Equations
We consider a bar-shell moving in the applied magnetic field. The shell, the mechanical loads, and the electric current distribution in an orthogonal curvilinear coordinate system γ β α , , are shown in Fig. 1 . By satisfying the magnetoelastic supposition of the thin shell [5] and using the theory of elastic mechanics, electromagnetic basic theories [9] , we obtain the electrodynamics equations, magnetoelastic kinetic equations, geometric equations, and physical equations for a bar-shell. The electrodynamics equations are given by
Rh
The magnetoelastic kinetic equations are given by
where α E and β E are the electric field intensities along the corresponding directions; γ H and γ B are the magnetic field intensity and magnetic induction intensity along the γ -direction, respectively; h is the thickness of the shell; R is the radius of the shell; t is the time variable; σ is the electrical conductivity of the material; ρ is the mass density of the medium; (1)- (8), at the same time, considering the geometric equations and physical equations, the magnetoelastic coupling equations, which can be written as follows boundary-value problems, are obtained.
where α ∂ ∂ Y with respect to α as [10] , at the same time, Newmark's stable finite equidifferent formulas [5] are used to find the derivatives with respect to time in the magnetoelastic coupling equations for a time step length, thus, equations (9) can be expressed as
The problems described by equations (10) are nonlinear. With the linearization method, nonlinear problems can be turned into a series of linear problems, thus, we obtain a set of linear ordinary differential equations. For the corresponding initial and boundary conditions, all unknown variables can be found by the discrete-orthogonalization method. 
Numerical Examples
Effect on the Deformation of the Bar-shell by the Electromagnetic Parameters. Figure 2 shows the deflection distribution in the β -direction for
, and ms 20 = t . Figure 3 shows the deflection distribution in the β -direction for Fig. 6 The w ) 0 ( = β versus t for different α J . Fig. 7 The
Effect on the Stress of the Bar-shell by the Electromagnetic Parameters. Figure 7 shows the variation of the normal stress Fig. 9 Curves of the stress distribution.
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Conclusions
The nonlinear magnetoelastic problems for a bar-shell in a magnetic field subjected to mechanical loadings have been studied in this paper. By the results, we now know that:
(1) the kinetic behavior of the bar-shells can be changed by the magnetic induction intensity or electric current density;
(2) the stresses and deformations in a bar-shell nonlinearly increase with the magnetic induction intensity or electric current density; (3) the stress-strain state in the shells can be controlled by changing electromagnetic parameters.
